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INTRODUCTION
During the previous NEIGC meeting in New Hampshire, at the first stop of 
trip B-4 (Ridge, 1988), three superposed diamicton units exposed in a gravel 
pit prompted discussion by trip participants as to whether the units were 
representative of the "two tills" of southern New England. An overview of the 
"two-till problem" can be found in Schafer and Hartshorn (1965), Koteff and 
Pessl (1985), and in this report. A discussion of the Pleistocene 
stratigraphy of New England is found in Stone and Borns (1986).
Some of the pertinent questions relative to the "two-till problem" 
outlined by Ridge (1988) include the following:
1) Are the two units the product of a single glaciation or is there evidence
of more than one ice advance?
2) Is the oxidation on the surface of the lower till recent or a function of 
weathering prior to the deposition of the overlying units?
3) Can lithology be used consistently to identify the upper and lower tills?
Similar questions have been discussed by many others, as early as Upham
(1878) (and cf. Koteff and Pessl, 1985, and see this report), however it has
been almost 20 years since an NEIGC trip specifically addressing the "two-till 
problem" and its relation to till stratigraphy elsewhere was offered (Pessl
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and Schafer, 1968; Borns and Calkin, 1970; Pessl and Koteff, 1970; Shilts, 
1970). Borns and others (1970) discussed problems concerning till 
stratigraphy in west-central Maine, southeastern Quebec, and northern New 
Hampshire. Several problems presented in these earlier studies have since 
been addressed, however, a unified regional correlation of till units has yet 
to be established.
The ages of the two tills has been a point of contention for as long as 
the two tills have been described. The tills have been argued to be the 
result of a single glaciation or of multiple glaciations, and have generally 
been assigned ages of Late Wisconsinan for the upper till and pre-Late 
Wisconsinan for the lower till. Work by Oldale and others (1982) has allowed
Oldale and Eskenasy (1983), Oldale (1987), and Oldale and Colman (1988) to
propose correlation of the Illinoian or older aged till at Sankaty Head with 
the lower till of the mainland. This older till is pre-oxygen-isotope stage 5 
in age, and most likely corresponds to oxygen-isotope stage 6 (Oldale and 
Colman, 1988). It is this correlation to which the authors refer when the 
lower till and lower till equivalents we shall see on this trip are described 
as having an Illinoian age.
Definitive criteria which prove the relative age of the two tills include 
the following:
1) Sites where glacial meltwater deposits are associated with the 
Illinoian glaciation and are bounded by Illinoian and Late Wisconsinan 
till, as at Nash Stream, New Hampshire (Koteff and Pessl, 1985);
2) Thick weathering zone (5 meters or greater) and degree of mineral 
alteration in the oxidized lower till as compared to that of oxidized
upper till (Schafer and Hartshorn, 1965; Stone, 1974; Newton, 1978;
Koteff and Pessl, 1985; Newman and others, 1987);
3) Stratal disruption along the contact between the two tills where 
blocks of oxidized lower till are found within the overlying nonoxidized 
or weakly oxidized upper till (Pessl, 1966; Pessl and Schafer, 1968;
Pease 1970; Koteff and Pessl, 1985; Thompson, 1986; Thompson and Smith,
1988).
4) Dating methods; dates on material from interglacial deposits are 
restricted to sites on Nantucket Island and Long Island. Dates from 
deposits on the mainland have been either minimum or maximum ages, and 
have never been from units interbedded between the two tills (Stone and 
Borns, 1986).
Other criteria which by themselves are not diagnostic of the units, but
which have been presented as evidence for age discrimination include the
following: 1) till facies, 2) color, 3) hardness, 4) grain size, 5) iron-
manganese stain along fractures and coating stones, and 6) local stratigraphic 
position.
Part of the purpose of this trip is to introduce the problem to 
uninitiated parties and present examples based on field criteria of the two 
till units of southern New England, as well as other units farther north which 
are problematical as to how they fit into the story. This field trip will
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focus on field observations and data collected at several locations in the 
summer of 1989 at sites in northeastern Massachusetts and southwestern Maine 
(stops 1-6, Figure 1) to aid in the recognition of varieties of and the 
mappability of the "two tills". The last two stops (7 and 8, Figure 1) will 
present a site where multiple tills were considered to represent multiple 
glaciations, but recent work indicates that the tills can be shown to be a 
result of a single glacial cycle, the Late Wisconsinan.
TILL STRATIGRAPHY OF SOUTHERN MEW ENGLAND
by Byron D. Stone
I
Terminology
At present, tills of southern New England are designated by informal 
stratigraphic names or by proposed formal names for local varieties of till 
(Figure 2). No regional study of varietal members of the upper, surface till 
of late Wisconsinan age or the lower, pre-late Wisconsinan till in drumlins, 
complete with laboratory analyses, supports an inclusive formal nomenclature
for the two tills. In the field, physical criteria differentiate local
%varieties of the tills, always on a basis of comparative characteristics in 
areas of similar bedrock type. Because of the obvious close relation of till 
composition and texture to very local bedrock lithologies (Flint, 1930, 
Sammels, 1962, Force and Stone, in press), differences within one till unit 
may be greater in some areas than differences between varieties of both units.
The general terms upper till and lower till (Schafer and Hartshorn, 1965, 
Stone and Borns, 1986) seem confusing to some workers because the terms 
emphasize an expected superposition of the units. In most exposures, this 
superposed stratigraphy consists of a very thin (<1 m) sandy upper till with 
cobbles overlying a mixed-till zone that contains discrete angular fragments 
of the lower till within a rusty-oxidized sandy matrix. Thick, compact gray 
upper till is present above such a mixed zone or above oxidized lower till in 
relatively few exposures (Pessl and Schafer, 1968). The upper till forms a 
discontinuous till blanket of highly variable composition over the upland 
bedrock landscape and is present as a thin unit beneath most stratified 
glacial deposits (Figure 3). Its composition likewise reflects the local 
source materials in drumlins. The lower till is preserved virtually in only 
drumlins (Figure 1) and related thick bodies of till with glacially smoothed 
and streamlined morphology. Probably the two tills do not occur as laterally 
extensive superposed sheet bodies in the region. The terms new till and old 
till have also been used (Schafer and Hartshorn, 1965), in reference to the 
relative and correlated ages of the units and their respective glacial
episodes.
Other confusing terminology has been used. Upham (1880) referred to a 
compact lower till in Boston Harbor drumlins (his drumlin till, Upham, 1897) 
and an overlying thin, loose, oxidized upper till. Crosby (1890) called the 
compact, nonoxidized till in drumlin cores lower till, overlain by his upper
till, the oxidized zone at the surface of the drumlins. Detailed studies of 
the upper, surface till in New Hampshire (Drake 1971), and western Connecticut 
(Pessl and Schafer, 1968, Newton, 1978, Smith 1984, 1988) differentiated a 
loose, sandy unit, containing boulders and cobbles and lenses of sorted and 







K e n n e b u n kp o rt
Figure 1. Map showing drumlins and 
generalized glacimarine limit in north­
east Massachusetts, southeast New 
Hampshire, and southwest Maine, and field 
trip stops. Compiled by B.D. Stone (NH, 
MA), and T.K. Weddle (ME); based on Alden 
(1924, revised by Stone; solid drumlins), 
Thompson and Borns (1985a,open drumlins), 
and B.D. Stone (unpub. data). Marine 
limit represented by heavy line.
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Figure 3. Distribution and relation of surface till (Late Wisconsinan),
drumlin till (Illinoian), weathered zone at top of drumlin till, 
and mixed-till zone, which overlies the weathered zone. Based on 
numerous exposures, geologic and soil-series map data, and 
schematic distributions of units shown at field trip Stops 1 and 2.
concluded that the loose till is an ablation facies, comprising debris of 
probable englacial or supraglacial origin. This dual till-facies 
classification of the sandy upper till has proven confusing in the past, 
especially in light of the previous terminology of the two-glaciation genesis 
of the upper and lower tills of the region (see discussions in Goldthwait,
1971, and Koteff and Pessl, 1935).
In this section of the report, the upper till of southern New England is 
referred to as the surface till. The surface till is the till sheet of Late 
Wisconsinan age in the area; it is the material referent of the diachronic
glacial episode in southern New England from about 24,000 yrs BP to 
deglaciation about 15,000-14,000 yrs BP. It is dated by radiocarbon dates 
from preglacial subtill materials incorporated in the drift and from 
postglacial materials that overlie the drift (Stone and Borns, 1986). The 
surface till is highly variable in composition, dependent on the composition 
of local bedrock and older surficial materials. It includes a compact basal 
unit, of lodgement origin (Stop 1), and a discontinuous, thin overlying unit 
of loose sandy till, of ablation origin. It also includes the mixed-till zone 
that overlies the weathered drumlin till in drumlins.
The lower till is referred to in this part of the report as the drumlin 
till, in obvious reference to its virtually exclusive distribution in
glacially smoothed landforms (Figure 1), which were resistant to Late 
Wisconsinan glacial erosion. The drumlin till is the locally preserved till 
of Illinoian age in the region. The drumlin till is the material referent of 
the diachronous Illinoian glacial episode older than about 133,000 yrs BP. It 
is dated by consideration of the depth and degree of the weathering in its 
upper part, and by correlation with the Sankaty lower till which lies beneath 
dated marine beds of Sangamonian age (Oldale and others, 1982). The 
weathering zone in the upper part of the drumlin till is related to a
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relatively long or intense period of weathering that postdated drumlin
formation in the region. Only a compact basal drumlin till unit is known; its 
texture and composition vary with bedrock composition.
Previous Work
The tills of New England initially were related to drift of the last 
glaciation (Upham, 1878, 1879a, 1879b, 1880) and early studies of till in the 
region (Upham, 1889, 1897) retained a single-glacial framework (Figure 2). 
Crosby’s (1890) pioneering textural analysis (the first in North America) of
compact till from drumlins in Boston Harbor was based on the single-glacial 
premise. Crosby used appropriate descriptive terminology for the deep 
drumlin-cliff exposures: his "upper till" was the oxidized zone beneath the 
surface of the drumlin, which overlies nonoxidized gray "lower till" in the 
drumlin cores. Crosby's original estimate of the volumetric proportion of 
boulders and stones in the till, and his sieve data are useful today in 
estimating a whole-sediment grain size distribution (Figure 4)» Evidence of 
multiple glacial stratigraphy in New Jersey (Salisbury, 1892) and New York 
(Woodworth, 1901) prompted Fuller (1906) and Clapp (1906, 1908) to suggest
that compact tills beneath the surface sandy till in Massachusetts and Maine 
were products of pre-Wisconsin glaciations. Fuller (1906) clearly suggested 
an Illinoian age for the drumlin till, correlating it with the Montauk Till of 
the emerging four-fold glacial record on Long Island (Fuller, 1914)* This 
stratigraphy was extended to Martha's Vineyard (Woodworth and Wigglesworth, 
1934), and correlated with Wisconsinan and Illinoian glaciations on Block 
Island and Nantucket. Crosby (1890), LaForge (1932), Alden (1924), Flint 
(1930), and Denny (1958) described shallow surface exposures of the drumlin 
till in New England but concluded that the drumlin till and the surface till 
are both products of a single Wisconsin glaciation.
Crosby (1908) reinterpreted some elements of the Long Island 
stratigraphy, and suggested that the Montauk and other tills derived from a 
single Wisconsin glaciation. Similarly, MacClintock and Richards' (1936) 
review of the regional marine and glacial units of New Jersey and Pennsylvania 
included their assignment of all tills exposed at the surface of Long Island, 
including Montauk Till, to Wisconsin age. Results of detailed work in
Massachusetts (Currier, 1941, Jahns, 1953) emphasized the deep weathering zone
in the upper part of the drumlin till, which indicated a pre-late Wisconsin 
age of the till. Judson (1949) suggested that drumlin till might be of early 
Wisconsin age. Flint (1953) adopted the early Wisconsin age of the drumlin 
till as well as correlation of it with the Montauk. This age assignment was 
subsequently retained in regional summaries (Muller, 1963, Schafer and 
Hartshorn, 1965, Sirkin, 1982). Stone and Borns (1986) accepted the early 
Wisconsinan age of the drumlin till and Montauk Till on the basis of the 
inferred ages of enveloping marine units on Long Island and on the basis of 
the revised amino-acid racemization estimated age (Sangamonian) of a shell in 
the drumlin till from Boston Harbor (Belknap, pers. comm. 1982).
Exposures of oxidized and some nonoxidized drumlin till are known widely 
across the region from southern Connecticut (Flint, 1961), western Connecticut
(Pessl and Schafer 1968, Stone, 1974, Newton 1978, 1979a, Thompson, 1975), 
eastern Connecticut (White 1947, Pessl, 1966, Stone and Randall, 1977);
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western Massachusetts (Newton, 1978), central Massachusetts (Jahns, 1953; 
Lougee, 1957; Mulholland, 1976; Stone 1980) eastern Massachusetts (Currier, 
1941; Moss, 1943; Castle, 1958; Kaye 1961; Oldale, 1962, 1964; Newman and 
others, 1987), southern New Hampshire (Koteff and Stone, 1971), central New 
Hampshire (Goldthwait, 1948; Denny, 1958; Newton 1978), northern New Hampshire 
(Koteff and Pessl, 1985), and southern Maine (Thompson and Borns, 1985b). 
Figure 3 summarizes the field relationships of the drumlin till and the 
overlying surface till in these study areas. These relationships may be seen
at Stops 1-4 of this field trip.
#
Detailed studies of the drumlin till included till-fabric analysis in 
western Connecticut (Pessl, 1971), which demonstrated different fabric
directions for the drumlin and overlying surface till. In eastern and central
Connecticut, Pessl (1966), Pessl and Schafer (1969), and Pease (1970) noted 
the locally sharp truncation of the top of the oxidized zone of the lower till 
by the overlying upper till. They described the mixed-till zone above the 
truncation: mixed till contains discrete, angular clasts of lower till, both 
oxidized and nonoxidized, within a sandy upper-till matrix. Koteff and Stone 
(1971) showed the same relationships and mixed till in southern New Hampshire. 
Stone (1980) portrayed the distribution of mixed till on drumlins in central 
Massachusetts, Mickelson and others (1987), and Newman and others (1987) 
described similar mixed till in Boston Harbor drumlins. Studies of mineralogy 
and the weathering zone in the drumlin till showed that the upwardly 
progressive hydration of altered illite in the zone (Stone, 1974) is related
to alteration of illite to vermiculite and mixed-layer illite/vermiculite 
(Newton, 1978, 1979b). Oxidation of iron-bearing minerals, notably garnet, 
and resultant staining of till matrix (Stone, 1974) also deeply etches 
surfaces of garnet grains (Newton, 1978). In the chloritic variety of the 
drumlin till in Boston Harbor, degraded illite is chloritized and altered to a 
lower charge mineral by oxidation of octahedral Fe+++ or replacement of Fe++ 
by A1+++ (Quigley and Martin, 1967). This alteration of illite and chlorite 
to high-charge and low-charge vermiculite also decreases downward through the 
oxidized zone of the Boston drumlins (Newman and others, 1987).
Materials within the drumlin till are older than the range of 14C dating
(>38,000 BP, Lougee, 1957), but peat in the till at Millbury, Massachusetts 
contains pollen of interglacial oak, hickory, sweet gum, and minor pine.
Shells from drumlins in Boston Harbor include species that are restricted to
more southerly, warmer areas (Crosby and Ballard, 1894). Belknap (1979, 1980) 
calculated an amino-acid estimated ages of 200,000 and 214,000 yrs BP from 
Mercenaria shells in the drumlin till in the harbor. He later recalibrated 
his paleotemperature model on the basis of a U-series date on coral of 
Sangamon age from Sankaty Head, Massachusetts (Oldale and others, 1982), and 
suggested that the Boston Harbor drumlin-till shell is of probable Sangamon 
age. The maximum age of the drumlin till thus apparently was constrained 
(Stone and Borns, 1986), supporting the correlation of the till with Montauk 
Till, previously considered to be early Wisconsinan in age (Sirkin, 1982). On 
the basis of a regional correlation with the lower till at Sankaty Head, the
drumlin till now is inferred to be of Illinoian age.
Characteristics of the Surface (Upper) Till and the Drumlin (Lower) Till
Physical characteristics differentiate the two till of southern New 
England (Table 1). These are related to source materials of the tills, 
glacial erosional and depositonal processes, and weathering effects.
32
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Table 1. CHARACTERISTICS OF THE SURFACE TILL AND DRUMLIN TILL OF 
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Gray to light gray
(2.5-5Y 6-7/1-2), to




20-38% silt and clay 
<1-6% clay
19-54% >2 mm
5-30% >76 mm (3 in)
Textural layering common, 
generally subhorizontal; 
consists of thin, lighter 
sandy layers interbedded
None; subhorizontal 
parting is related to 
layering and fabric of 
till matrix
Lies directly on bedrock; 
less than 3 m thick in 
areas of rock outcrop; 
commonly 3-6 m thick on 
lower valley slopes









(5Y 4-5/2=3) to olive- 





40-65% silt and clay 
11-38% clay
19-42% >2 mm
1-11% >76 mm (3 in)
Textural layering not 
common; thin, oxidized sand 
layers and vertical sand 
dikes locally 
with darker, silty layers; 
layering is laterally 
discontinuous
Well developed; closely 
spaced subhorizontal joints 
and less numerous 
subvertical joints impart a 
blocky or thin platey 
structure to till
Forms cores of drumlins and 
related bodies of thick 
till; generally >10 m 
thick, commonly 20-30 m 




soil developed in mixed- 
till zone that overlies 
weathered zone in drumlin
till; weathered zone-<9 m
thick; zone is oxidized, 
leached in some areas, and 
contains altered clay 
minerals and iron-bearing 
minerals
SC-SM, SC, SM, ML 
PI 10-30,
LL <30
Color. The surface till is generally gray below the present solum, reflecting 
its composition of fresh minerals and nonoxidized state. Local staining by 
high chroma Fe+++ minerals, probably limonite, appears to be controlled by 
ground water movement through materials of contrasting texture or around 
clasts. The olive color of the weathering zone in the drumlin till is a 
pervasive oxidation stain (limonite?) that affects all areas of the silty till 
matrix. It extends through the zone of leaching in some exposures. The stain 
is darker around iron-bearing minerals. Dark Fe-Mn staining is on joint 
surfaces and around stones, but generally does not extend as deep as does the 
pervasive iron stain.
Texture and stone content. Particle-size analysis of the surface and drumlin 
tills show that whole-till samples differ in stoniness, proportion of the 
dominant sand-sized particles, and silt and clay content. A consensus has 
emerged following Crosby's (1890) discussion that the volumetric content of 
stones larger than two inches in drumlin till is less than 10%, probably about 
5% (Pessl and Schafer, 1968, range of values in Fuller and Hotz, 1981). 
Boulders longer than 1 m are notably rare in large excavations of drumlin
till. Accordingly, whole-till particle-size curves are constrained by these 
visual estimates and gravel sieve data, adjusted for rock/till matrix density 
contrasts (Figure 4). Likewise, the same workers estimate the stoniness, 
including large boulders, of the compact surface till to be 5-30% by weight. 
Boulders 1-2 m in length are common in large excavations of compact surface
till (Stop 1); these and smaller boulders are common in the ablation material
at the surface of the late Wisconsinan till. The grain-size curve for the 
compact surface till is drawn to include these visual estimates and sieved 
gravel intervals. The proportion of sand grain sizes varies greatly within 
each of the two till units (Figure 4), locally more than samples between 
units. This variation is related to glacially eroded and comminuted fresh 
rock fragments and mineral grains that vary with the composition of very local
bedrock units (Smith, 1984, 1989; Force and Stone, in press). Fields of sand
populations of the two till units overlap (Figure 4). The silt and clay 
contents of the till matrices are distinguishing characteristics of the two 
tills. Although the ranges of the distributions overlap (Figure 4), 
representative values do not. Extreme values show that the surface till
contains 20-38% silt and clay, whereas the drumlin till contains 40-65%. The
proportion of clay likewise distinguishes the tills: surface till contains <1- 
6% clay, drumlin till contains 11-38%. The drumlin till also contains a
measurable amount of very fine clay (<0.2 microns, about 12.4 phi). Some
varieties of surface till may contain clay particle of this size in some 
basins (varves contain very fine clay), but it generally is not a measurable 
component.
Distribution and thickness. The late Wisconsinan surface till forms an 
irregular blanket over bedrock uplands and beneath stratified glacial
deposits. In areas of bedrock outcrop the topography of the till surface is
controlled by bedrock-surface relief (Figure 3). Here, the till is 
discontinuous, probably averaging less than 2 m in thickness; it contains 
numerous boulders. In other areas on northerly facing lower valley slopes, 
the till forms smooth-to-bumpy patches of true ground moraine. In these 







Figure 4« Grain size characteristics of the surface till and drumlin till.
a) Grain size distributions; range of grain size distributions and 
representative ("average") value of drumlin till (dashed) based on data fro
Crosby (1980), Pessl and Schafer (1968), Stone (1974)» Mulholland (1976), 
Newton (1978), Fuller and Hotz (1981), Koteff and Pessl (1985); values for 
coarse gravel-to-boulder fraction based on volume estimates of clasts, 
adjusted for densities of rock and till matrix. Range of grain size 
distributions and representative value of surface till (dotted) based on data 
from above authors, except Crosby, and including data of Drake (1971).
b) Ternary diagrams of sand-silt-clay values of surface (upper) till and 
drumlin (lower) till of southern New England and Maine. Fields of values for 
southern New England based on data from Pessl and Schafer (1968), Stone (1974) 
Thompson (1975), Mulholland (1976), Newton (1978), Smith (1984), Koteff and 
Pessl (1985), Newman and others (1987), W. H. Newman (pers. comm., 1989; for 
Maine, Borns and Calkin (1977), Ackert (1982), Brady (1982), Kite (1983), 
Newman and others (1985), Lowell and Kite (1986), Weddle and Retelle (1988),
Weddle (unpub. data). Upper till n = 145, lower till n = 204; Late
Wisconsinan till n = 118, pre-Late Wisconsinan till n = 40.
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bulk of the unit. Loose ablation till with surface boulders is generally thin
in bedrock outcrop areas and areas of thicker till. Only locally is it thick
enough to form hummocky surface topography. The late Wisconsinan surface till 
is the till unit mapped on surficial geologic maps of all states in the region 
and on numerous detailed quadrangle maps in southern New England. The drumlin 
till is preserved almost exclusively in drumlins and related bodies of 
glacially smoothed thick till (Figure 3). It is generally 10-30 m thick in
these bodies, and has a maximum known thickness of 70 m.
Weathering and soil development. Soils developed in the upper 0.6-1.2 m of 
the surface till, mixed-till zone and drumlin till (Figure 3) since Late 
Wisconsinan deglaciation are inceptisols, characterized by poorly developed 
cambic B-horizons (<1.2x clay of overlying horizons) and weakly modified clay 
mineralogy. In the field trip area, representative soil series on the surface 
till are Canton and Charlton soils in Massachusetts, and the Paxton series on 
the mixed-till zone on drumlins (Fuller and Hotz, 1981; Fuller and Francis, 
1984). The weathered zone at the top of nearly all drumlin till exposures is 
3 m to as much as 9 m thick. The base of the oxidized zone is subparallel to 
the surface of the landform, indicating pedogenesis after glacial smoothing 
and prior to Late Wisconsinan glaciation. Field observations show progressive 
weathering effects upward through the zone: pH values decline (Stone, 1974)> 
amount of leaching is progressive at the base of the zone (Crosby and Ballard, 
1894) i color values of pervasive oxidized stain increase (Crosby, 1890, Pessl 
and Schafer, 1968), degree and darkness of Fe-Mn stain on joint faces increase 
(Pessl and Schafer, 1968), blocky structure increases and is more densely 
developed. Lab data showing alteration of clay minerals and iron-bearing 
minerals further define the weathering gradient through the 3-9 m zone. The 
weathering zone is the upper part of the C-horizon of a probable well
developed soil (Stone, 1974> Newton, 1978), the solum of which was removed by 
late Wisconsinan glacial erosion.
Geotechnical properties. Geotechnical properties of the two till units are 
dependent of the grain-size and water-transmitting properties of the units, 
which yield characteristically different values. The Unified Soils 
Classification of the surface till is SM or SP-SM (sand>gravel, fines <12%,
SM, fines 5-12%,SP-SM; fines of low plasticity index, PI, table 1). These 
soils are silty sand with gravel with 3-17% cobbles and boulders by volume 
(SM), or poorly graded sand with silt and with gravel and with 3-17% cobbles 
and boulders by volume (SP-SM). Reported variations in the drumlin till have 
lead to classifications as SC, SM, SC-SM, ML (sand>gravel, fines >12%, SC, SM,
SC-SM; fines>50%, ML). These soils are clayey sand with gravel, with 1-15% 
cobbles and boulders by volume (SC, PI 10-30, LL <30), silty sand with gravel,
with 1-15% cobbles and boulders by volume (SM, low PI, low liquid limit, LL), 
a combined unit (SC-SM), or a sandy silt with gravel and with 1-15% cobbles 
and boulders by volume, ML. Atterberg values (derived from tests of <40-mesh 
sieve, 1 1/4 , fig. 3) of nonplasticity and LL=0-<10 for the surface till 
contrast with PI=10-30 and LL=<30 for the drumlin till. In the field, 
naturally moist samples of the surface till exhibit low dry strength (a 
measure of '’compaction” of fragments): fragments crumble or "pop” with some 
finger pressure. Drumlin till has medium dry strength: considerable finger 
pressure is required to pop fragments.
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Southwestern and West-Central Maine
Previous Work
In Maine, a two-till stratigraphy was described by the early workers, 
although agreement on whether the tills represent multiple glaciation was 
never established (Holmes and Hitchcock, 1861; Stone, 1899; Clapp, 1906, 1908; 
Leavitt and Perkins, 1935). After Caldwell's discovery of the wood in a 
deposit between two tills at New Sharon (1959, 1960), no other work on 
multiple glaciation in Maine was published, with the exception of Borns and 
Calkin (1970, 1977). New Sharon was known by Leavitt and Perkins to be an 
organic-bearing locality (pers. comm., H. W. Borns, Jr., 1986), however they
do not mention it in their Bulletin No. 30 (Leavitt and Perkins, 1935).
Quaternary studies in southwestern and west-central Maine over the last two 
decades generally have not addressed the "two-till problem" and multiple 
glaciation. The exception to this has been the reconnaissance mapping in 
southwestern Maine by Woodrow Thompson of the Maine Geological Survey, 
discussed in Thompson and Borns (1985), Thompson (1986), Thompson and Smith 
(1988), and abstracts and field guides by Caldwell and Pratt (1983), Caldwell
and Weddle (1983), Weddle and Caldwell (1984, 1986), Weddle (1985, 1986,
1988), Weddle and Retelle (1988).
The only geologic quadrangle published by the U. S. Geological Survey
exclusively dedicated to surficial geology in Maine is the Poland 15-minute 
quadrangle (Hanley, 1959). Two distinctive till types are differentiated on
this map, a silty till overlain by a sandy till, and where exposed and in 
superposition the contact is described as gradational between the units. The 
silty till is described as dusky yellow to dark olive brown, moderately 
indurated, and tough, and is interpreted as a basal till. It comprises 
elongate till ridges and drumlins, the long axes of which trend S15-25E. The 
sandy till is described as grayish yellow, friable, and easily excavated. In 
places it has a rusty color, presumably derived from limonite staining 
deposited from circulating ground water. The sandy till contains water-sorted 
concentrations of gravel, and in places it appears to grade laterally into 
stratified drift. The distribution of the sandy till and the silty till in 
the quadrangle is closely associated with the underlying bedrock. The sandy
till is generally found in areas underlain by granite of the Sebago Pluton,
whereas the silty till is found in areas underlain by metapelite, 
metadolostone, and metasandstone of the Sangerville Formation (Osberg and
others, 1985). While two distinct till lithologies are present in the Poland 
quadrangle, one of which in places is superposed on the other, Hanley (1959) 
interpreted them as being derived from different source rocks and not from 
multiple glacial advances. Stop 5 of this field trip is just beyond the 
eastern border of the Poland 15-minute quadrangle. At this stop, a sandy 
diamicton overlies a silty diamicton. However, while their physical
characteristics are not quite the same as the general description of the 
superposed diamictons described in the Poland quadrangle, a lively discussion 
of their origin is anticipated at Stop 5.
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Comparison of General Characteristics of Till in Southern -
New England with Southwestern Maine
Color. Similar to southern New England, color has been used by some workers 
as a criterion to differentiate tills, specifically by the nonoxidized or 
oxidized state of the till. It is of interest to note that the glacimarine 
Presumpscot Formation has an oxidized horizon at its surface, extent downward 
for generally not more than 2 m. This oxidized horizon was thought to 
represent a different unit from the underlying blue-gray mud, both deposited 
by different glaciation (Trefethen and others, 1947). Levitt and Perkins
(1935), Goldthwait (1949, 1951), Caldwell (1959), and Bloom (1960, 1963)
attributed the color difference to post-glacial oxidation of the Presumpscot 
Formation, and this interpretation has proven correct.
Texture. The general textural characteristics noted in the upper and lower 
tills of southern New England (upper is coarse grained; lower is fine grained) 
also have been noted as general field characteristics in similar units in 
southwestern Maine (Thompson and Borns, 1985). Figure 4 is a compilation of 
textural analyses from numerous studies in Maine where Late Wisconsinan till 
and pre-Late Wisconsinan till (southern New England upper and lower till 
equivalents, respectively) are plotted. While there are two fields shown, 
there is considerable overlap between the Late Wisconsinan and pre-Late 
Wisconsinan tills. Of interest is the area in the lower part of the Late 
Wisconsinan till field. These data from Brady (1982) are predominantly from 
tills in a region underlain by fine-grained metapelite of the Vassalboro 
Formation (Osberg and others, 1985). These data from Maine clearly reflect 
the importance of substrate as a significant control on till lithology. In 
southern New England, Smith (1984) showed similar findings in till underlain 
by areas of different bedrock lithologies. However, he also showed that Late 
Wisconsinan till and Illinoian till differentiated by field characteristics 
were also distinguishable by texture in areas of different bedrock terrane.
Clay mineralogy. Whereas the clay mineralogy and other diagnostic 
characteristics have established the presence of a Late Wisconsinan (upper) 
till and an Illinoian (lower) till in southern New England (Stone 1974;
Newton, 1978, 1979a; Newman and others, 1987; W. A. Newman, pers. commun.,
1989), there have been no similarly detailed clay mineral studies on any 
equivalent "lower till" units in southwestern or west-central Maine.
However, Gagnon (Senior honors thesis in geology, Bates College, 1984) 
examined the clay mineralogy of diamicton samples from test borings at the 
Hatch Hill landfill in Augusta, Maine. The boring samples were described as 
having penetrated two tills, an upper olive till and a lower gray till. 
However, it was never clear if the borings actually penetrated two different 
aged units or only one unit with a deeply oxidized surface. The x-ray 
diffractograms indicate severe alteration of the upper unit (illite to mixed- 
layer clay minerals) with decreasing alteration with depth. There is no 
indication in the alteration pattern of a less severly weathered unit 
overlying a more severly weathered unit (that is, a younger "upper" till over 
an older "lower" till). Because of the nature of the alteration, it may be 
that the boring samples are from a "lower till" equivalent, however, the 
report is not detailed enough to determine this.
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Weddle (in press, and in prep.) has examined the clay mineralogy of the 
diamictons at New Sharon and also of the so-called paleosol on the New Sharon 
Beds. In all cases, the degree of weathering indicated by the clay mineral 
alteration is not representative of the degree of weathering found in the 
oxidized "lower till" of southern New England as shown by Stone (1974) and 
Newton (1978, 1979a).
Soils association. The soils associations presented as characteristic of 
soils forming on the upper till and lower till of southern New England have 
not been similarly categorized for tills in Maine, however, the soils found on 
the drumlins which we will visit in Maine have been mapped (Flewelling and 
Lisante, 1982). These soils (at Stops 3 and 4) are mapped as part of the 
Skerry-Brayton-Becket association and the Marlow-Brayton-Peru association. 
These series of soils are all formed in compact till commonly on the tops and 
sides of drumlins. The Becket, Marlow, and Peru series are taxadjunct because 
they have slightly less extractable iron and aluminum than is defined in the 
range for the series.
%
New Sharon and Regional Correlations
The sections at New Sharon originally described by Caldwell (1959, 1960) 
have been correlated by others with the southern New England till stratigraphy 
(Koteff and Pessl, 1985; Thompson and Borns, 1985b), and with the stratigraphy 
of McDonald and Shilts (1971) of southeastern Quebec (Borns and Calkin, 1977; 
Stone and Borns, 1986). Recent work at New Sharon has shown that all the 
exposures there can be attributed to a single Late Wisconsinan event without 
calling for Early or Middle Wisconsinan multiple glaciations, and that no 
Illinoian till is exposed at the surface (Weddle and Caldwell, 1984; Weddle, 
1986, 1988; Weddle, in press, and in prep.).
The reassignment of the stratigraphy at New Sharon is important because 
it brings into question the correlations and age assignments by Borns and 
Calkin (1977), Koteff and Pessl (1985), Thompson and Borns (1985b), and Stone 
and Borns (1986) of other multiple-till sections in Maine, in particular the 
sections at Austin Stream and Nash Stream, Maine, and Nash Stream in northern 
New Hampshire. Similarly, the lack of a paleosol at New Sharon and the 
allochthonous nature of the New Sharon Beds (Weddle, in press) precludes 
correlation of the "lower till" of southern New England with any exposed units 
at New Sharon. The lack of paleosols or the presence of extensive stratified 
drift interbedded with the diamictons suggests that the entire section exposed 
at New Sharon was deposited during a single glacial cycle, the Late 
Wisconsinan glaciation. Currently, the age assignments by Stone and Borns 
(1986) of different tills in Maine is disputed, and re-evaluation of 
southwestern Maine and west-central Maine terrestrial Pleistocene stratigraphy 
is justified.
Furthermore, Fulton and others (1984) assignment of a Sangaraonian age 
(75,000 to 128,000 yrBP; oxygen-isotope stage 5) to the Johnville till and 
Becancour till in Quebec, and Thompson and Borns (1985b) tentative correlation 
of the New Sharon till with these units is herein disregarded. An Illinoian
age has been proposed for the tills in Quebec (Lamothe, 1987; LaSalle, 1989),
and this age is in agreement with the Illinoian age assignment of the lower 
till at Sankaty Head, Nantucket (Oldale and others, 1982; Oldale and Eskenasy, 
1983; Oldale, 1987; Oldale and Colman, 1988), which has been correlated with
the lower till on the mainland of southern New England.
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We hope that this field trip will provide an understanding of some of the
problems of Pleistocene terrestrial stratigraphy in the region, and allow a 
means of evaluating the correlation of the southern New England till 
stratigraphy with southern Maine.
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FIELD TRIP ROAD LOG
Assembly Point: Westgate Shopping Center K-Mart, Exit 49 (River Street exit)
off Route 495, Haverhill, Massachusetts. Time: 7:45 AM (Coffee and donuts
along River Street). No size limit to trip but car-pooling is strongly 
encouraged. ACCESS TO ALL STOPS HAS BEEN GRANTED BY PERMISSION OF THE 
PROPERTY OWNERS; DO NOT ENTER IN THE FUTURE WITHOUT SEEKING PERMISSION FIRST!!
Directions for meeting along field trip route; depart from assembly point at
8:00 AM; proceed 1 mile south on 495 to exit 48 (Ward Hill Route 125) to STOP 
1 (Haverhill Resource Recovery Facility; Ogden Martin Systems of Haverhill, 
Inc.). From 495 northbound take exit 48 and follow road to light at Riverview 
Street, U-turn and drive 0.6 miles north to facility; from 495 southbound take 
exit 48 and at top of exit circle proceed straight to stop sign and turn left;
0.1 miles to plant entrance. STOP 2 at approximately 9:00-9:15 AM in rear of 
student/staff parking lot Northern Essex Community College (NECC). From Stop 
1 proceed 4.6 miles north on 495 to exit 52 (Haverhill Route 110), 0.2 miles 
on exit ramp and turn left (south) on Route 110; proceed 0.1 miles and turn
left on unnamed street which leads to NECC (entrance sign on right side);
%proceed 0.3 miles to main entrance of NECC and assemble in rear of lot. First 
stop in Maine will be at Great Hill in Eliot off Route 101 west from Route 1 
(Refer to Delorme's Maine Atlas and Gazetteer Map 1 or USGS Kittery, York 
Harbor, and Dover East 7.5-minute topo sheets).
Leaders of each field trip stops or significant contributor to stops are 




0.0 Westgate Shopping Center K-Mart, Exit 49 (River Street exit) off
Route 495, Haverhill, Massachusetts.
I
3.2 3.2 STOP 1. Leave plant, turn left onto access road and proceed to
and lights.
STOP 1 - HAVERHILL RESOURCE RECOVERY FACILITY, THE NECK, HAVERHILL,
MASSACHUSETTS (BDS*, TKW).
The large excavation is in a lowland area of thick till, surrounded by 
numerous drumlins with crests above 250 ft altitude (Figure 5; Haverhill, 
Massachusetts 7.5-minute quadrangle). The excavated hill is elongate but is
irregular in shape and morphology; it is not a drumlin. The Canton fine sandy 
loam series was mapped on the original landform; Paxton very stony, or
extremely stony, fine sandy loam was mapped on the drumlin west of Bare Meadow 
Brook (Figure 5), coincident with the area of mixed till shown in figure 5. 
There, drumlin till and thin mixed till are exposed in a large cut. Charlton 
and Canton very stony fine sandy loam series were mapped on Ward Hill and the
other drumlins (Fuller and Hotz, 1981; Fuller and Francis, 1984).
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Map showing distribution of selected till units and location of
Stop 1; base map Haverhill 7.5-minute quadrangle, Massachusetts 1972.
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The pit exposes 3-6 m of gray sandy till in bench cuts at the west end.
The base of the lowest cut is about 40-50 ft below the top of the original
landform. The till is light brownish gray to light gray (2.5Y 6/7-2)', 
compact, thinly layered silty sand till with 15% gravel and boulders by
volume. It is composed of gray to light brownish gray (2.5Y 6/0-2) massive,
compact, nonplastic diamict material in irregular patches and lenses, <2 m 
long, which are associated with zones of gravel clasts (15-20% pebbles and 
cobbles). The bulk of the till comprises laterally extensive zones of 
alternating thin (<3 cm) layers of gray, massive, compact, silty-sand diamict 
material and thin layers of light gray to pale yellow (2.5Y 7/2-4) less 
compact sandy material. The massive material contains minute, and irregularly 
shaped, angular pebble-to-cobble-sized clasts of compact gray clayey silt 
(Figure 6a). These clasts are composed of indistinctly laminated and 
microlaminated gray clayey silt and white medium-to-coarse silt. Microlaminae 
are bounded by sharp contacts; laminae are folded in truncated open or 
isoclinal folds. Many of the silt clasts and gravel clasts are oriented with 
long axes dipping northerly -<20~ (Figure 7a). Layering also dips northerly 
(Figure 7b). Sand and silty-sand layers are deflected around small pebbles 
and cobbles; individual layers cannot be traced much more than 20 cm. Sandy 
layers pinch out at or are truncated by the silty-sand layers. The till 
weathers and fractures along the layering. Sets of layers that dip as much as 
50-60~ are truncated by other sets that dip Generally 15-20~. Some steeply 
dipping resistant gray silty-sand diamict layers can be matched across the 
gently dipping planes of truncation, indicating thrust displacement of a few 
centimeters. Gravel clasts and boulders as much as 2.5 m long are subangular 
with subrounded ends or faces, and with angular, hackly terminations on some 
faces. Some faces of large boulders retain glacial polish and grooves. Till 
stones composed of fine-grained metasediments show some evidence of glacial 
shaping and many are striated.
The till is interpreted as a basal lodgement facies of the surface till,
based on the degree of compaction, strongly preferred orientation of till 
stones, and preferred orientation of layering. The till-stone fabric records 
a southerly flow during deposition of the lower part of the exposed till. The 
till contains clasts of laminated silt that preserve primary laminae, 
indicating a source component of older stratified materials in the valley or 
materials deposited subglacially and reentrained during till sedimentation. 
Layers also contain minute clasts of the laminated silt. The layering of the 
till is very well developed here, and it is a regional characteristic. It is 
of probable subglaciogenesis, perhaps related to some primary segregation of 
material, which was enhanced by shear or thrust displacement along the sandy 
layers. Rotation of sets of layers took place during till sedimentation. The 
youngest, planar sets of thrusts show movement toward the southeast (Figure 






Exit from 495 at Exit 52 (Haverhill Route 110) and turn left 
(south) on Route 110; proceed 0.1 miles and turn left on unnamed 
street which leads to NECC (entrance sign on right side); 
proceed to main entrance of NECC and assemble in rear of lot.
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Figure 6. Photo details of surface till, Stop 1. a) Sheared clast of gray 
clayey silt in layered sandy till matrix; thin oxidized rim around clast, U.S. 
quarter for scale. b) Steeply dipping older thrust faults and layering,










Kinematic elements of surface till at Stop 1; lower hemisphere
projections, a) Fabric of 35 till-stone long axes, clasts
exhumed from lower face of exposure; prinicipal eigenvector
trends 186°, plunges 4°> contour interval 2.0 sigma, counting
area 0.105. b) Older thrust faults and younger thrust fault
(heavy line) from upper face of exposure; younger thrust 
indicates movement toward 163°.
Leave NECC parking lot, turn left on Kenoza Street.
Fork left on Center Street (Walnut Cemetary on right). 
T-junction, turn left.
Turn right onto Millvale Road.
Junction with East Broadway (bear right).
STOP 2. Turn into entrance to pit on right (WATCH FOR TRUCKS!). 
Pull into pit and park.
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STOP 2 - MAIROFRIDES BROTHERS SAND AND GRAVEL PIT, EAST BROADWAY STREET,
HAVERHILL, MASSACHUSETTS (BDS*, TKW).
This pit exposes till in the
double crested drumlin. 
loa
and top of an irregularly shaped
Paxton extremely stony, or very stony, fine sandy
soils were mapped in areas coincident with the mixed-till zone shown in 
figure 8 (Haverhill, Massachusetts 7.5-minute quadrangle) . The pit also 
exposes a thick section of glaciomarine deltaic beds, normal to paleocurrent 
flow, and younger glaciomarine silt and sand to the north (Figure 8). The 
fine sediments are unconformably overlain by crossbedded medium-coarse pebbly 
sand, of fluvial-glaciofluvial origin.
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Figure 8. Map showing distribution of selected till units and location of
Stop 2; base map Haverhill 7.5-minute quadrangle, Massachusetts, 
1972.
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The west-facing cut exposes an upper set of units that contain about 10% 
pebbles, cobbles, and few boulders. These units overlie an oxidized stone- 
poor till which grades downward into gray till. Bedrock crops out beneath the 
gray till on the floor of the pit. A generalized section is described, from 
top to bottom:
Unit Thickness Description
1 1-2 m Pale yellow (2.5Y 7/4) and strong brown to reddish yellow to
yellowish brown to brownish yellow (7.5-10YR 5-6/8) silty 
sand diamict material, noncompact to moderately compact, 
massive, containing pebbles, angular blocks and subrounded 
cobbles and boulders (10-25%); loose and easily excavated at 
north end of exposure; irregular base with 1 m relief.
2 2 m  Pale yellow (2.5Y 7/4) silty-sand till, compact, massive;
unit is gradationally more stony from bottom to top (to 
about 10-15% but is less stony than overlying unit; pale 
yellow till matrix contains angular clasts of compact silty 
till; faces of these clasts are stained strong brown (7.5YR 
5/8) with Fe-Mn coating; subangular gravel clasts include 
weathered brown metapelites; clasts are not coated with Fe- 
Mn stain; vesicles are common in parts of the matrix; base 
of unit is irregular, distinguished by color and stone 
content.
3 2-3 m Olive (5Y 4-5/4) silty fine-sand till consisting of
discontinuous layers of olive silty-sandy till, less than 2 
cm thick, that contain subangular-to-blocky compact clasts 
of clayey-silty till; till clasts are less than 3 cm long 
and are coated with strong brown (7.5 YR 4/6) Fe-Mn stain; 
pebbles and cobbles are 2-5%; base of unit i3 locally sharp.
4 2-4 m Olive (5Y 5/4) clayey-silty till; compact, massive,
subhorizontal and subvertical joints well developed at top 
and more widely spaced downward through unit; joint faces 
stained with Fe-Mn coating; unit is mottled at base where it 
grades by color and loss of joint structure into underlying 
unit.
5 1-3 m Gray till, compact, massive, tough, moderate to high
plasticity, pebbles and small cobbles are 2-5%; stones 
composed of fine-grained rock types are subrounded and 
striated, but not well faceted.
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Stone Lithologic Compositions at STOP 2:II
Dark gray to black, fine-grained
metapelite (local bedrock)..... 28%
Granite, granitic gneiss,













schist of metapelite............ 1%
Unit 1 is interpreted to be chiefly of ablation origin, based on its 
loose, cobbly character, and degree of soil development. However, an early 
postglacial colluvial origin cannot be ruled out. Units 2 and 3 contain 
oxidized and fresh clasts of the underlying units within a sandy matrix that 
is similar in texture to the overlying unit and to the surface till at Stop 1.
These units are stony varieties of the mixed-till zone; genetically they are 
local varieties of the surface till, the materials locally eroded and 
deposited on the drumlin skin by the late Wisconsinan ice sheet. Unit 4 is 
the pervasively oxidized and jointed weathering zone developed in the top of 
unit 5, the drumlin till of Illinoian age.
13.5 0.5 Leave pit, turn left onto East Broadway and 
to Millvale Road.
retrace route back
14.3 0.8 Left onto Millvale Road.
15.1 0.8 Bear right at Middle Road.
16.2 1.1 Pass under 495.
16.6 0.4 Stop; T-junction with Route 110, turn left (WATCH TRAFFIC! ).
17.6 1.0 Junction with 495N (2nd entrance) turn left and proceed on 495N
23.7 6.1 Drumlin on right; oxidation profile visible in excavation.
27.2 3.5 Junction with I-95N.
28.6 1.4 New Hampshire - Massachusetts border.
34.3 5.7 Hampton/Exeter toll ($0.75); proceed on 95N •
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41.9 7.6 Follow 95N to Portsmouth to all Maine points, and proceed across 









Maine New Hampshire border.
Exit off 95 at Exit 3; stay in right lane for Route 236.
Bear right to Route 236.
Turn right onto Route 236 at yield sign (flashing red lights).
Turn right at Depot Road (school on right).
Stop; turn right.
Immediate left into Great Hill Fill and Gravel Inc
STOP 3. Park to right of vertical face; after discussion drive
0.3 miles up to top of drumlin.
STOP 3 - GREAT HILL DRUMLIN, ELIOT, MAINE (DWC*, JMC*, TKW)
Stop 3 is at a large excavation into Great Hill, off of Goodwin Road, in 
Eliot, Maine (Figure 9) The topographic maps that cover the site include the 
Dover East 7.5-minute and Dover 15-minute quadrangles. The surficial geology 
of the Maine portion of the Dover East quadrangle was mapped by Smith (1988). 
Note that this is not the Kennebunk Great Hill drumlin from which the 13,800 
date was obtained. Something has to be done regarding the proliferation of 
Great Hills in Maine.
Great Hill is one of several drumlin forms present in the southeast 
corner of the Dover East quadrangle and in adjoining quadrangles to the south 
and east. Smith (1988) has mapped DeGeer moraines on the flanks of several of 
the drumlins in the area, while the lows between drumlins are underlain by 
Presumpscot Formation silts and clays. Most of the drumlins were eroded and 
modified by wave activity, and sand and gravel deposits formed during marine 
regression are found at elevations below 200 feet, the local limit of marine 
submergence.
Caldwell and others (1979) reported that deformed sand is found in the
northwest ends of several drumlins in this area. They reported that the 
stratified drift in the drumlins is capped by unweathered till and was 
assigned a Late Wisconsinan age. Furthermore, because of similarities between
the stratified drift in the drumlin core and that found in nearby end 
moraines, they suggested the stratified drift in the drumlins may represent 
older moraines, or stratified drift deposited on the flanks of the drumlin, 
which was later incorporated into the drumlins by readvance. In this
instance, Caldwell and others (1979) suggested the Kennebunk readvance may 
have been responsible for the stratified drift in the drumlins. Smith (1981), 
however, has shown that the Kennebunk readvance was most likely due to minor 
ice-marginal oscillation and not a significant climatic event. While this 
does not preclude incorporation of stratified drift into the drumlins by ice 
advance, the presence of an oxidized horizon noted during the summer of 1989 
on the top and flanks of the drumlin in the till over the stratified drift 
suggests its incorporation may be due to an ice advance older than the Late 
Wisconsinan.
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Figure 9. Map showing location of Stop 3 (Great Hill drumlin); base map
Dover East 7.5-minute quadrangle, Maine-New Hampshire, 1973.
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During the summer of 1989, three different excavations were present at 
Great Hill (Figure 10), an inactive borrow pit (#1) located at the 
southeastern end of the drumlin, with a near-vertical face 30 meters high, an 
active borrow pit (#2) at the crest of the hill, and an inactive sand and
gravel pit (#3) on the northeast flank of the drumlin. Within these three 
pits, four distinct deposit lithologies are exposed:
1) An unknown thickness (3 meters exposed) of glaciotectonically 
deformed sand and gravel, exposed only in the highwall of Pit #1. This unit 
was not studied in detail, due to the danger of the overhanging till exposure, 
but it appears that the sand and gravel in part may be the source for much of 
the overlying till. This deposit is overlain by
2) A thick (25 meter) stratified to massive, very compact, coarse 
sandy diamicton that forms the bulk of the deposit. This unit is interpreted 
in part as a deformation till, grading upward into a lodgment till. A spine of 
the underlying stratified drift from the core of the drumlin was present in
the pit during the 1984 NEIGC trip (Mayewski and Birch, 1984), but it has now
been completely removed. The till appears to be completely unweathered in the 
vertical face of pit #1, but shallow excavations along the access road to pit 
#2 show oxidized till, and over 5 meters of oxidized, pale olive (5Y 6/4) very 
compact till with prominent manganese staining on joint and tillstone surfaces 
are exposed in the active face of pit #2.
3) A thin (1 meter) ablation till is poorly exposed in the 
southeastern face of pit #1. This unit resembles the surface till in the 
region, and it is assumed to be Late Wisconsinan in age. The contact between 
this till and the drumlin till is not exposed.
4) The sand and gravel pit (#3) was badly slumped during the summer of 
1989. It exposes several meters of sands and gravels, reworked from the 
drumlin by wave activity during marine recession. No contacts with the other 
units were observed.
Questions that need to be discussed and answered by the field trip 
participants are:
1) Is the drumlin till the "lower till" of southern New England?
2) What criteria can be used to prove or disprove this identification, 
and how diagnostic are these criteria?
3) For years, pit #1, which displays only the unweathered drumlin till 
was the only exposure at this site. What criteria can be used in the 
absence of the pit #2 exposures to determine the identity of the till?
4) Finally, what is the age and significance of the underlying sand
and gravel? If the sand and gravel is deltaic in origin, what could have 
impounded the body of water into which the delta was deposited?
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Figure 10. Pit locations and generalized geologic relations at Stop 3.
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52.3 0.5 Leave top of drumlin, turn left (east) at exit gate onto Route 
101 (Goodwin Road).







Bear right to 95N and proceed north
York Toll Booth (Exit 1 Maine Turnpike), take ticket, proceed 
north on 95/Maine Turnpike.
Exit off turnpike at Exit 2 /Sanford $0.40)
Junction with Route 109, turn (west) right to Sanford.
82.7 7.5 Left onto Airport Road.
83.1 0.4 Turn left at end of fence
83.3 0.2 STOP 4- Turn right into pit and park
STOP 4 - SANFORD AIRPORT (LION HILL) DRUMLIN, SANFORD, MAINE (JMC*, TKW)
Stop 4 is at a borrow pit on Airport Road, immediately northwest of 
Sanford Municipal Airport, Sanford Maine. The pit is located approximately
0.4 miles (0.6 km.) south of State Routes 4A and 109, on the east slope of
Lion Hill (Figure 11). The topographic maps that cover this site include the 
Alfred 7.5-minute and Kennebunk 15-minute quadrangle maps. The surficial 
geology of the area has been mapped by Smith (1977).
Lion Hill is a small drumlin, approximately 0.55 k long and 30 meters
high, with a long axis trend of 136 degrees, consistent with other drumlin 
orientations and striation directions in the neighboring Sanford quadrangle 
(Clinch, unpublished mapping). The drumlin is located at the southeastern end 
of a long, bedrock cored upland separating the Mousam River and extensive sand 
and gravel deposits located along Route 4* The base of the hill, and the 
floor of the borrow pit is approximately 250 feet above sea level, about the 
limit of marine submergence in the region as determined from the elevation of 
glaciomarine deltas nearby. One of these deltas is located north of Route
109, to the northeast of the borrow pit The airport is sited on a layer
of sand overlying the Presumpscot Formation. This sand marks the upvalley 
limit of the Kennebunk Sand Plain.
Two till lithologies have been observed in the walls of this pit (Figure
12, sketch of pit relationships), an ablation till 3+ meters thick, exposed in
the southeast corner of the pit, and a lodgment till exposed on the high,
graded, western wall of the pit. The contact between these two till 
lithologies has not been observed, but if the crude stratification within the
ablation till is projected upward, it is reasonable to assume that the
ablation till overlies the lodgment till.
The ablation till exposures display a wide variety of thin to thick, 
interbedded units, including sandy diamictons and sheared silts and sands, 
interpreted as minor debris flows, and gravel lenses, silt and sand beds, and
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Figure 11. Map showing location of Stop 4 (Sanford Airport/Lion Hill
drumlin); base map Alfred provisional 7.5-minute quadrangle,
Maine, 1983.
channel sands, indicative of fluvial reworking during deposition. Small (2-3 
cm) inclusions of the underlying weathered lodgment till are included within
the sandy layers of the till. This unit is pale yellow (5Y 7 / 3 - 7 / A ) , largely 
unweathered and unoxidized, with only a weak, postglacial soil profile 
present. The age of this unit is inferred to be Late Wisconsinan, and the 
till resembles typical exposures of the surface ablation till found in much of 
southern Maine and the crystalline highlands of southern New England, the 
"upper till".
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Figure 12. Generalized geologic relations and petrofabric from core of
drumlin at Stop 4 (fabric data n = 50, S>| = 0.72, 303, 18).
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The western face of the pit, at which the lodgment till is exposed was 
extensively graded and reworked prior to the summer 1989 field season, and 
only a limited amount of exposure could be excavated by hand. At this site, a 
compact, silty to sandy matrixed diamicton with a prominent weathering zone 
was observed. Three grain size analyses taken from this till averaged 60%
sand, 23% silt and 17% clay, with little variation between the three samples
and no apparent difference between the texture of the weathered and 
unweathered till. Fabric measurements, taken from the unoxidized till at this 
site gave a trend of 303 degress, with a plunge of 18 degrees (significance 
value, or measure of fabric strength, is 0.72, where random is 0 and 1 is 
uniform. These values are consistent with a lodgment origin, and with the 
long axis of the drumlin. A one meter thick, olive to pale olive (5Y 5/4—4/4 
moist, 5Y 6/3 dry) oxidized zone, with discontinuous, dark reddish brown 
(2.5YR 3/6), sandier zones is developed in the olive gray to gray (5Y 5/2—4/1 
moist, 5Y 6/2 dry) till. The contact between the weathered and unweathered 
till is sharp, but rusty, iron stained joints have been observed in the 
unweathered till for at least one meter beneath the contact, and the till is 
oxidized for about one cm on either side of these joints. Following a heavy 
rain and several days of dry weather, the stained joints were still wet, while 
the surrounding unweathered till was dry. This suggests that some of the 
joint staining may still be forming today, as a result of groundwater flow. 
When the site was better exposed, prior to 1989, the upper weathering zone was 
reported to be several meters thick, the iron stained joints were also 
observed beneath the weathered till, and staining had occurred along these 
joints outward from them into the till matrix for several centimeters in the 
otherwise unweathered till.
The thickness of the weathered zone observed during previous years 
suggests that the lodgment till in the core of the Lion Hill drumlin may be 
correlated to the "lower till" of southern New England. Samples of both 
weathered and unweathered till have been taken for grain-size and clay mineral 
analysis, although all of the results are not available at the time this was 
written. However, without the benefit of the earlier observations made before 
the pit was graded what criteria are present to determine whether the 
weathering zone is the result of interglacial weathering (the "two-till" 
interpretation) or a post-glacial, groundwater permeability effect of no age 
significance?
ALTERNATE STOP (No mileage logged) - PEPIN AND SONS PIT, SANFORD, MAINE (JMC)
Stop # 5 is at a shallow excavation at the Pepin and Sons sand and gravel 
processing site (marked as a sand pit on the topographic map) in Sanford, 
Maine. The pit is located approximately 0.4 miles (0.6 km) northwest of 
Goodall Memorial Hospital. Topographic map coverage of the site includes the 
Sanford 7.5-minute and Berwick 15-minute quadrangles. The glacial geology of 
the Sanford quadrangle is currently being mapped by Clinch (in prep.).
The pit is cut into the northwest end of a 1.5 km long drumlin, with a
long axis trend of 136 degrees. Dissected kame terraces and deltas are present 
southwest and west of the drumlin, while a thin veneer (0.5-1.5 m.) of very
bouldery, sandy ablation till overlies bedrock to the northeast.
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Two till lithologies are exposed in the northern wall of the pit; here 
about 2 meters of ablation till overlies an unknown thickness of lodgment 
till. The lodgment till is a very compact, coarse sandy to pebbly diamicton 
with well-developed fissility and jointing. The till appears to be somewhat 
oxidized, with a light yellowish brown to pale olive color (2.5-5Y 6/4), with 
prominent iron and manganese staining on joint and tillstone surfaces. No 
unoxidized till has been observed at this site. The contact between the 
lodgment till and the overlying ablation till is sharp.
The ablation till is a crudely laminated, yellow (2.5Y 7/8) sandy 
diamicton, estimated to be at least 2 meters thick, although the upper portion 
of the unit has been disturbed and graded. Small clasts and slabs of 
weathered lodgment till are present in the lower 20 cm of the ablation till, 
and some of the sand and silt layers appear to have been sheared. A wedge of 
sandy ablation till material that dipped in the glacier flow direction was 
observed in the lodgment till during the summer of 1989.
This exposure can be interpreted as a "two-till" locality, with a Late 
Wisconsinan "upper till" overlying an Illinoisan "lower till" exposed in the 
core of a drumlin. However, none of the diagnostic criteria that would prove 
a two glaciation origin for the exposure are present. The lodgment till is 
oxidized, but not to a great extent and the ablation till is also oxidized. 
Inclusions of lodgment till and sheared sands in the ablation till, and the 
filled wedge in the lodgment till are present, but a mixed zone of weathered 
and unweathered lodgment till was not observed. Any interpretation of this 
exposure as a "two-till" site rests solely on non-diagnostic criteria, such as 
geomorphic relationships, till facies, texture, compactness and extensive 
manganese staining. Your opinions on how much (or little) weight should be 
given to these criteria at this and other sites would be welcome.
83.5 0.2 Leave pit, turn left and proceed to stop sign. Turn right onto
Airport Road.
84.O 0.5 Stop sign, bear right (east) back onto Route 109.
84.6 0.6 Junction with Route 99, turn left (WATCH TRAFFIC!). Proceed on
Route 99 over Kennebunk Plains.
90.6 6.0 Turn left at Maine Turnpike sign
90.7 0.1 Stop; turn left at stop sign
90.9 0.2 Cross Mousam River.
91.3 0.4 Stop; turn right at stop sign (to Maine Turnpike/95N).
92.4 1.1 Left turn at turnpike entrance. Proceed through toll booth to
Turnpike/95N but turn left at Service Area for lunchstop.
92.9 0.5 LUNCHSTOP. Left turn to Service Area (Burger King); discount





Leave lunchstop and enter turnpike northbound. Passengers may 
sleep off lunch.





Stop; turn left (north) at stop sign onto Route 4/202/100.
STOP 5. Turn left across highway (WATCH TRAFFIC!). Park in 
back of lot.
STOP 5 - NESS OIL COMPANY, AUBURN, MAINE (MJR)
The exposure at this stop is located off the southbound lane of
Washington Street (Route 4-100) in Auburn, shown on Figure 13 (Lewiston 7.5
minute quadrangle). The surficial geology of the Lewiston 15-minute 




Figure 13. Map showing location of Stop 5; base map Lewiston 7.5-minute
quadrangle, Maine, 1979.
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At one time there was approximately 50 to 60 feet (15-20 m) of near 
vertical exposure at this site, however continued slumping has forced the 
owners of the property to grade back the upper sections of the pit and build a 
retaining wall along part of the foot of the slope. Most of the section, 
however, is visible in steps up the face.
The exposure at this stop is situated on the south facing slope of a 
modified drumlinoid hill approximately 100 feet high that is part of a bedrock 
topographic high south and west of the city of Auburn and northwest of the 
Little Androscoggin River. The long axis of the hill is oriented 
approximately 155 degrees; local striae average close to 170 degrees. The 
base of the site is at an elevation of approximately 200 feet; the crest of 
the hill is approximately 300 feet. The local marine limit has been estimated 
at 336 feet (Thompson and Borns, 1985a) in the Mt. Auburn Delta located 3 
miles north of the site, however, the late Wisconsinian marine submergence may 
have extended as much as 5 miles inland (north) of the site.
Figure 14 is a stratigraphic log through approximately 20 m of exposure 
in several levels of the face. The stratigraphic sequence in this exposure 
includes two diamictons (Dmm, Dins) near the base and middle of the exposure 
(which are of primary interest for this trip) overlain by a sequence of 
laminated sand (Sh, Sm), rythmically bedded silty clay and sand (Fl), massive 
fine-grained deposits (Fm), and thick-bedded to massive sand (Sm). 
Collectively, the upper sand and fine-grained units represent the marine 
inundation and regression associated with retreat of late Wisconsinian ice 
from the coastal lowland zone.
At the base of the pit and along the paved access road for approximately 
200 m, a very compact dark gray (5Y 4/1; damp) silty massive matrix-supported 
diamicton is exposed (Dmm, Fig. 14)* The diamicton is thickest near the 
center of the outcrop and thins towards the flanks. Clasts in this material 
are striated and polished. The clast compositions are dominated by local 
lithologies. The most abundant clasts are calc-silicate granofels of the 
Taylor Pond member of the Sangerville Formation (Hussey, 1983) that underlies 
the hilly terrain north of the site. Other clasts include rusty weathering 
peltic schist and grainite, granitic gneiss, and pegmatite. The fine-grained 
matrix has a range in sand content from 31% to 43%. Oxidation of the matrix 
is limited to vertical fractures in the uppermost zone of the deposit where it 
is in contact with the overlying sandy diamicton unit and is apparently 
affected by groundwater flow. The lower diamicton is cut by numerous 
fractures that resemble sheeting joints that are sub-parallel to the present 
outcrop surface, dipping east and southeast. Several fractures dip in the 
opposite direction, that is into the outcrop face. A clast fabric (Figure 14> 
n=36), measured on the lower section of the deposit is weakly bimodal with the 
strongest orientation lying parallel to the direction of the local striae 
(regional ice-flow). A weaker clast orientation is perpendicular to ice flow 
with clasts lying within the shallow east- dipping features.
The compact gray diamicton is overlain by a diamicton of variable texture 
and composition that thins over the crest of the underlying deposit and 
thickens towards the flanks of the outcrop. The contact with the underlying 
gray unit is distinct and abrupt and is represented by a color change from 
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data n = 36, S-̂  = 0.51, = 32 5, 0.2. Numbers in circles denote
sand in matrix of diamicton at location shown on text; lithologic 










material in this unit is a compact olive (5Y 5/3) stratified, matrix-supported 
diamicton (Dras, Fig. 1). The matrix of the unit is texturally variable across 
the outcrop with sand contents ranging from as low as 40% in the center of the 
unit to 77% in the uppermost zone of the unit underlying the glaciomarine 
sequence. The diamicton contains thin contorted and disrupted medium to 
coarse sandy stringers and several layers of sand up to 40 cm thick. The sand 
stringers contain laminae and are commonly oxidized and iron stained. Some 
clasts are surrounded by rings of medium to coarse sand. Isolated pods and 
lenses of sand also are common in the deposit. Clasts in this unit are 
dominated by local lithologies. Some of the pelitic rocks (Sangerville 
Formation) are intensely weathered. Locally within the upper sections of the 
exposure, the diamicton is very stony. In uppermost sections of the outcrop 
the diamicton is clast-supported (Dcs, Fig. 1). Many of the clasts are 
striated flatirons, oriented with flat sides on the planes of the prominent 
east-dipping foliation. The foliation in some cases is seen as outlined by 
thin discontinuous fine sand and silt layering. The upper contact with the 
glaciomarine sequence is an abrupt truncation.
After visiting the previous stops several questions should be apparent:
(1) Is the lower gray compact unit at Stop 5 correlative to the "lower 
till" of southern New England?
(2) Is the upper olive unit at Stop 5 correlative to the "upper till" of 
southern New England? Alternatively;
(3) Are the two diamictons products of one glaciation, representing a 
lodgement facies (gray till) and either subglacial meltout till or a 
debris flow diamicton deposited in a proximal proglacial setting?
Although the sequence exposed in the Auburn site is similar in some 
aspects to two till localities in southern New England, we believe that there 
are several important distinctions that favor a model for two lithofacies 
within one glaciation. Here we focus the question on the lower diamicton 
unit. As we will see in the sections at New Sharon, grain size of the 
diamictons (in this case lodgement till) is a function of parent material that 
the glacier advances over, not antiquity of the deposit. In the case of the 
Auburn site, we believe that the glacier may have advanced over proglacial 
materials deposited in the lowland basin in front of the advancing ice sheet. 
Whether these materials are (1) primary erosion products from subglacial 
erosion of the local pelitic bedrock, or (2) advance of ice through a pre-late 
Wisconsinan marine unit or (3) a lake dammed in the valley of the pre-glacial 
Androscoggin Valley, fine-grained materials were incorporated by the ice 
sheet.
A second aspect is the lack of weathering (oxidized horizon) in the upper 
zones of the lower diamicton. As we have seen earlier today, an olive to 
olive brown zone is visible on top of many lower till sections in southern New
England, but is absent at this site. Clay mineral analysis (cf. Newton, 1978) 
may address this problem more accurately (work in progress).
145.2 0.3 Leave Stop 5 and turn left (north) onto highway. The next 3
miles will be through downtown Lewiston, so PAY ATTENTION AND
GARDEZ LA DROIT!!!
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145.9 0.7 Junction with Routes 121/11. Stay on right side of main road 
(Route 4N).
I
146.3 0.4 Turn right at lights (Route 4 continues north, but you turn
right onto Route 202/11/100). Follow main road.
147.4 1.1 Junction of 126 with 202/11/100 (bear to left); Kora Shrine
Temple on right.
148.2 0.8 Lights (junction of 202/11/100 with Russell Street); continue
north on main road.
149.2 1.0 Lewiston Raceway on right. Continue northward.
166.3 17.1 Bear right on Route-41/133.
168.0 1.7 Bear right on Route 41 (to Readfield and Mt. Vernon)
168.1 0.1 Stay right on Route 41 (very quick so watch it!)
172.8 4-7 Stop; junction of Routes 41 and 17, turn right on Route 17
74.4 1.6 Turn right onto dirt road just before Readfield Depot
174*5 0.1 STOP 6. Pit on right; turn into it and park
STOP 6 -MACE PIT, READFIELD, MAINE (WBT)
This inactive pit is located in a small hummock that reaches an elevation 
of 97 m (Figure 15; Readfield 7.5-minute quad). It is just below the upper 
marine limit, and glacimarine silt (Presumpscot Formation) occurs nearby at
similar elevations (90 - 94 m). The surficial geology of the Augusta 15- 
rainute quadrangle which includes Stop 6 has been mapped by Thompson (1977).
The pit face has exposed up to about 4 m of section, much of which is now 
concealed by slumping. Digging in this face reveals the following three till 
units:
Unit 1) The lowest unit is a very compact, silty, moderately stony till 
of probable lodgement origin. The stones are subangular to subrounded, and 
some are faceted and striated. Iron/manganese staining occurs on stone
surfaces, but is only sparsely developed in the slightly fissile matrix of the 
till. Sand laminae are present, but are not as abundant as in unit 2. The 
till is oxidized, with a color intermediate between 5Y 4/2 (olive gray) and 
2.5Y 4/2 (dark grayish brown). Unit 1 is correlated to the lower (and older ) 
of the two principal tills examined on this trip, and thus is equivalent to
the Nash Stream till of Koteff and Pessl (1985).
Unit 2) The middle unit is best exposed at the northeast end of the pit, 
where it is up to 1.6 m thick. It is a silty-3andy, moderately stony till, 
with an oxidized olive-colored matrix (5¥ 5/3). This unit is loose and easily 
excavated due to its fissility and abundant sand laminae, which have promoted 
physical weathering and extreme development of fine blocky structure. The 
contact with unit 1 ranges from sharp to gradational over a few cm, and is
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Figure 15. Map showing location of Stop 6; base map Readfield 7.5-minute
quadrangle, Maine, 1980.
defined by the change in compactness and abundance of sand laminae. Two 
possible interpretations are suggested for this unit. It may simply be a 
sandy, fissile zone in till of the same age as unit 1, or it may be a basal 
mixed zone of the overlying Late Wisconsinan till (unit 3). In the latter 
case, the unit consists largely of sheared inclusions of lower till which have 
been glacitectonically mixed with sandy sediment from the basal part of the 
Late Wisconsinan till.
Unit 3) The uppermost unit consists of 0 - 1.7 m of variably oxidized,
loose, sandy to gravelly till. It contains many stones up to 1 m in diameter, 
which are generally quite angular. A few stones are faceted and striated. 
Although this unit resembles some poorly sorted gravels that are derived from 
marine erosion of tills, it contains numerous clasts of silty till from unit 1 
or unit 2. These clasts would not have survived if the deposit had been 
subjected to wave attack and extensive reworking. There are some imbricated 
stones in one part of the unit, but they may have been oriented by debris flow
from glacial ice. Unit 3 is interpreted as an ablation facies of the Late 
Wisconsinan surface till that occurs throughout the region. It is the
equivalent of the Stratford Mountain till of Koteff and Pessl (1985).
174*6 0.1 Leave pit and return to Route 17; turn left and retrace route
back to 41/17 junction in Readfield.
72
176.3 1.7 Proceed straight through lights in Readfield (junction 41/17) to 
Kents Hill.
178.3 2.0 Bear right on Route 41 to Mt. Vernon.





Turn right onto Route 134 (dirt road).
Stop; junction with Route 2/27; turn right.
197.0 0.2 STOP 7. Pull over to right side of road and exit vehicles; we 
will cross the highway and walk though field on left to exposure 
on the Sandy River. LOOK BOTH WAYS AND CROSS HIGHWAY CAREFULLY; 
WATCH OUT FOR VEHICLES!!!!!
STOP 7. - SANDY RIVER EXPOSURE, NEW SHARON, MAINE (TKW)
Stop 7 is located on Figure 16 (New Sharon and Mercer 7.5-minute 
quadrangles), and was referred to by Caldwell (1959) as locality D. The
surficial geology of the Farmington 15-minute quadrangle which includes Stop 7 
was mapped by Caldwell (1986).
The section exposed here is located on the southern bank of the Sandy 
River at New Sharon, downstream and on the opposite bank from locality C of
Caldwell (1959), the site of the New Sharon Beds (Figure 16). The Sandy River
flows northeastward here and the valley is flanked by highlands to the south 
which reach elevations up to 360 m asl.
Figure 17 is a schematic representation of the stratigraphy exposed here
Beneath 1 2 m of Holocene stream alluvium,about 4 m of fine-grained layered
deposits comprised of interbedded fine sand, silt, clay, and diamicton. At
the western end of the section, directly opposite the site of the New Sharon 
Beds, approximately 1.3 m of olive gray (5Y 5/2), compact silty sandy
diamicton with striated clasts unconformably overlies the fine-grained 
deposits, which are strongly deformed. Also here between the fine-grained 
deposits and the sandy diamicton is a 1 ra thick medium-grained sand, light 
yellowish brown (10YR 6/4) in color, which also is strongly deformed.
The layered sediments overlie a 4 m sequence of layered, gray (5Y 5/1)
compact diamictons, which vary in thickness from 0.5 to 1 thick, and in
places are separated by thinly layered fine-grained deposits, usually less 
than a few cm thick comprised silt and clay layers and thin diamicton laminae 
Clasts in the layered diamictons are subrounded to subangular and many are 
striated.
Under the layered diamictons is a 2 to 3 m thick, compact gray (5Y 5/1) 
to olive gray (5Y 5/2) clayey silt, with striated, subangular to subrounded 
pebbles and cobbles. Carbonate concretion nodules (some striated) are
interspersed throughout the unit, and found in a "mixed zone" between the
layered diamictons and the clayey silt. The unit was described by Caldwell 





Figure 16. Map showing location of Stop 7 and 8, and location of the New
Sharon Beds; base maps New Sharon (1968) and Mercer provisional 
(1982) 7.5-minute quadrangles, Maine.
more silty than clayey. The silt appears massive in its upper part, however, 
thin beds of dark gray (5Y 4/1) diamicton which pinch out laterally are found
within the lower part of the unit, and can be seen as thicker lenses in the 
unit below river level. Downstream the silt becomes more stony and eventually 
grades into a crudely stratified diamicton which contains striated clasts.
The base of the section is covered by slump and the river.
The carbonate concretions in the "boulder clay" have finite radiocarbon 
age-dates of about 32,500 and 40,000 yrBP, and an infinite date of >48,000 
yrBP (Richard Pardi, pers. commun., 1989). Pardi (1989) has suggested that 
some concretions can be shown to be derived from organic matter deposited 
contemporaneously with the deposits they are found within, and that dates on 
these concretions may be applicable to the direct date of the enclosing 
sediment.
The "boulder clay" was tentatively correlated by Caldwell (1959) with the 
till he described as found beneath the New Sharon Beds, and the units above 
the "boulder clay" were correlated with the surface till in the region. The
till described by Caldwell (1959, 1960) beneath the New Sharon Beds has not
been encountered in recent excavation (Weddle, 1986), or seen in the river 
exposures since the lead author began work at New Sharon.
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Schematic Stratigraphic Section, Stop 7,









7 a *  o
C Si S G D
Holocene stream  alluvium
M assive sandy d iam ic ton5
truncates underlying units,
present only at w est end of section
M edium -gra ined  sand, intensely  
deformed} present only at w e s t  end 
of section
Rythmically bedded  silt and clay, 
with thin layers  of sand and 
diamicton ; strongly deform ed at 
w e st end of section
Stratif ied  diamicton, with thin layers  
of silt, c lay and sand, contact  
betw een  this and underlying unit
is deform ed in p laces  , but 
conformable in other p laces
Cobbly silt, with thin discontinuous  
layers of diamicton and concretions  
("boulder clay" of Caldwell, 1 9 5 9 )
Stratified diamicton, laterally  
gradational into cobbly silt
Figure 17. Schematic diagram of stratigraphy at Stop 7 (C = clay, Si =
S = sand, G = gravel, D = diamicton; 7a = petrofabric location).
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The facies association and deformation at this section is complex. In 
general, the sediments reflect deposition by proximal ice into a proglacial 
lake, interupted by ice-marginal fluctuations when lodgement or other basal 
processes deposited till, and the sediments were glacitectonically deformed by
ice shove. The lower part of the section (0 - 10.5 m, Fig. 17) is comprised 
of fine-grained deposits of interbedded diamicton, silt, and clay. Graded 
beds, lateral continuity of fine-grained deposits, dropstones, and flow folds 
are present in these units indicative of the subaqueous origin of the 
deposits. Thicker diamictons are found between the fine-grained units (2.5 -
6.5 m, Fig. 17), and petrofabrics measured in some of the diamictons are 
indicated on Figure 18. The fabrics, all from the lower units, have a 
preferred NE-SW or N-S orientation, near perpendicular to the trend of 
striations and streamlined features in the region (Caldwell, 1986; Weddle, 
1987). The strengths of these fabrics range from 0.57 - 0.78, some are 
bimodally distributed, and all have a preferred northward clast plunge. The 
fabrics also have relatively strong contour cluster suggestive of basal origin 
(especially 7a and 7d), but it is not clear how much of the stratified
diamicton is of basal origin and which is of subaqueous debris flow origin.
It is likely that examples of both types of deposits can be found at this part 
of the section.
Glacitectonic data measured from the section is shown on figure 19.
These data can be grouped into two general sets; early planar features 
(bedding and thrusts) which have a N to NE dip and are found in the lower part 
of the section, and later NE and NW dipping planar features (fractures, folds, 
and thrusts) found in fine-grained deposits immediately beneath the uppermost
diamicton (11.5 - 13 m, Fig. 17).
The fabric and glacitectonic data suggest that the ice flow was
originally controlled by the NE-SW trend of the river valley, and that flow of 
this early sublobe was later overwhelmed by the regional ice flow.
197.5 0.5 Return to vehicles and proceed east on Route 2. Bear left
immediately after junction of Route 27 with 2.
198.1 0.6 Turn left at metal gate and proceed along road.
I
198.6 0.5 STOP 8. Park vehicles and walk along road to exposure along the
Sandy River.
STOP 8 - SANDY RIVER SECTION, NEW SHARON, MAINE (TKW)
Stop 8 is located on Figure 16. This site was referred to by Caldwell 
(1959) as locality E. The surficial geology of the Norridgewock 15-minute 
quadrangle which includes Stop 8 was mapped by Weddle (1987).
The section is found along the south bank of the Sandy River and was 
referred to by Caldwell (1959) as locality E. Figures 20 and 21 are schematic 
representations of the stratigraphy exposed at this site. Section 8A occurs 
along the access road where approximately 1 m of olive (5Y 4/3) glacimarine 
mud conformably overlies 0.5 m of light olive brown (2.5Y 5/6) compact sandy 
diamicton. This diamicton has a prominent subhorizontal platy fissility and 
contains at its base fragments and smeared beds of the underlying deposits.
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Figure 18 Petrofabrics from units at Stop 7; refer to Fig. 17 for locations
(Fabric data 7a to 7d respectively n
0.74, 0.57, 0.78, V 
interval =
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Slip-Line Analysis Data Planar and Linear Data
'•'V Fold Axis (rotation sense noted)
O Slip Line (N41W9)
□  Pole to Slip Plane (N89E1 ONW)
Pole to Late Fractures
Late Planar Features
O  Pole to thrusts
©  Fold AP
v  Trend of Linear Features Observed
in River (fractures ?)
Early Planar Features
O Pole to Thrusts
<S> Fold AP
Bedding (parallel to early thrusts)
Figure 19. Glacitectonic data from units at Stop 7; two general fields are
present, 1) early planar features from lowest units
(below 8 m on Fig. 17), and 2) later NE planar
features from higher units (above 8 m on Fig. 17)
Schematic Stratigraphic Section, Stop 8A, 











conformably overl ies diamicton
Massive sandy diamicton;
%
t runcates underlying units
Pebbly medium-grained sand;
intensely deformed and cut by 
diamicton stringers
Fine sandy silt and silty fine sand 
beds; strongly deformed, however
primary sed im entary  structures are  
present; diamicton stringers  
cut unit in p laces
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Schematic Stratigraphic Section Stop 8B, 








(fossil i ferous); conformably  
overlies diamicton
Massive sandy diamicton;  
t runcates underlying units
Pebbly medium-gra ined sandj
strongly deformed
Fine sandy silt, silty sand and 
interbedded silt and silty sand layers;  
strongly deformed
Massive silty diamicton laterally  
gradational with stratif ied diamicton
Silt and silty fine sand; intensely deforme
Fine to medium -gra ined  sand
C Si S G D
Figure 21. Schematic diagram of stratigraphy at Stop 8B (symbols same as Fig. 17)
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The diamicton unconformably overlies 0.8 m of pale yellow to pale olive (5y
7/3; 6/3) deformed, pebbly, medium-grained sand, which includes stringers and
pods of diamicton. Beneath the sand, about 3.5 m of deformed pale olive (5Y 
6/3; 6/4) fine sandy silt and silty fine sand is found. The base of the 
section is covered by slump.
Section 8B is found along the river bank approximately 200 m west of the 
access road section. Here, in general, 5 m of olive (5Y 4/3) glacimarine mud 
conformably overlies 5 m of pale olive to olive (5Y 6/3; 4/3) moderately 
compact sandy diamicton. This, in turn, unconformably overlies 1.5 m of 
deformed light yellowish brown (10YR 6/4) gravelly sand. Unconformably 
beneath the gravelly sand is 3 m of intensely deformed, layered light
yellowish brown (10YR 6/4) to pale yellow (2.5Y 6/4; 7/4) to pale olive (5Y
6/3) fine sandy silt and silty sand. Underlying the deformed silt and sand is 
a i m  thick olive to olive gray (5Y 4/4; 4/2) silty compact diamicton, which
has a sheared, anastomosing platy fabric. This diamicton grades laterally
%
into distinctly layered diamicton and silt beds, similar in appearance to the 
layered diamicton at Stop 7. Beneath the lower diamicton, deformed light gray 
to light olive gray (5Y 7/2; 6/2) silt and silty fine sand and light yellowish 
brown (2.5Y 6/4) to dark brown (7.5YR 3/4) fine- to medium-grained sand is 
present. Cross-ripple drift lamination is present in the fine-grained 
deposits, and planar-cross beds are found in the coarse-grained sand.
The sediments at Stop 8 record a similar history as that presented at 
Stop 7. The lower part of the section represents deposition of proglacial 
sediments along an advancing sublobe of ice from the Kennebec River valley, 
which was initially topographically controlled by the NE-SW trend of the Sandy 
River valley. The ice margin advanced into a proglacial lake where subaqueous
depositional processes where occassionally interrupted by basal depositional 
and glacitectonic processes when the ice margin fluctuated. Later, the main 
phase of the Late Wisconsinan ice overrode the early advance deposits laying 
down the upper sandy diamicton, which was subsequently mantled by the 
glacimarine mud (Presumpscot Formation) during deglaciation.
Petrofabric data from the two sections are shown on figure 22. Fabrics 
8a, b, and c were reported by Richard Pratt (pers. commun., 1986) and are 
supplemented with additional data. The fabrics show a clear shift upsection 
in clast long-axis orientation, from a near E-W direction in 8a to a strong NW 
fabric in 8d. The strength of these fabrics ranges from 0.62 to 0.87, and 
bimodal distribution is present in the three fabrics from Stop 8B.
The glacitectonic data at Stop 8 (Figure 23) reflect the same upsection 
shift in structural components as is found at Stop 7, however, at Stop 8 this 
shift appears to be present in the petrofabrics as well as the structural 
data. There are two clear structural components in Figure 23; an early NE- 
trending set indicated by the slip-line analysis, bedding and thrust planes, 
and fold axial planes, and a later set represented by a cluster of thrust 
faults which have low to moderately-steep northwest-dipping surfaces.
The upper sandy diamicton at Stop 8 is equivalent to the upper sandy 
diamicton at Stop 7, however, the upper unit at Stop 7 is not as coarse 
grained as the upper unit at Stop 8. This is clearly a function of the upper 
units at both stops being derived in part from the immediate substrate; at 
Stop 8 the upper diamicton overlies coarse-grained sediment, whereas at Stop 7
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Figure Petrofabrics from units at Stop 8; refer to Fig. 20 and Fig. 21 for
locations (fabric data 8a to 8d respectively n 60, 47, 53, 25;
Si 0.62, 0.67. 0.65, 0.87; Vg 81, 0; 41, 0.5; 351, 0.5; 10;










'•V Rold Axis (rotation sense noted) 
O Slip Line (N 1 8 E 3 9 )
Pole to Slip Plane (N 5 6 W 4 0 N E )
Planar Data
Late Planar Features  
O Pole to Thrusts  
Early Planar Features  
O  Pole to Thrusts
Pole to Bedding
(parallel to early thrusts)
Figure 23. G1 acitectonic data from units at Stop 8; two general fields are present,
1) early NE-dipping planar features and slip-line analysis from lowest 
units (below 7 m on Fig. 8B), and 2) later NW-dipping planar features 
from pebbly sand (below 3 m on Fig. 8A).
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the upper diamicton overlies fine-grained sediment. The relation is even more 
obvious within each section, especially at Stop 8 where the lower silty 
diamicton overlies fine-grained deposits and the upper diamicton overlies 
coarse-grained deposits.
One point which may be argued at Stop 8 is whether or not the lower silty 
diamicton which is laterally gradational with layered diamicton is a good
example of deformation till. Elson (1961, 1989) defined deformation till with 
the following characteristics; 1) it is derived from beneath the ice 
typically incorporating unconsolidated materials, 2) it is formed and 
deposited beneath the ice usually in an undrained basin, 3) has variable 
thickness, 4) range of deformation varies from total homogenization of primary 
sedimentary structures to displaced clasts having been moved only a short 
distance, 5) bedding may be present, especially in its upper part which may 
blend into massive till, 6) clast orientation should reflect deformation of a 
shearing matrix beneath the glacier, but a preferred orientation probably 
would be less well developed than fabrics in basal meltout or lodgement tills, 
7) clast shape and surface marks are not diagnostic, 8) grain-size and 
lithologic characteristics depend entirely on the overidden substrate, 
although erratics from upgradient sources may be present 9), it commonly is 
"underconsolidated" and has low density due to the sediment having high pore 
water pressure during deformation, and 10) surface expression is seldom 
diagnostic.
This section was tentatively correlated by Caldwell (1959) with the 
exposure of the New Sharon Beds, in which the upper sandy diamicton was 
correlated with his Sandy River till (Late Wisconsinan age), and the deformed 
sand, silt, and lower silty diamicton was correlated with his New Sharon till 
(pre-Late Wisconsinan age). This tentative age assignment is important 
because although Locality C of Caldwell (1959; Figure 16, this report) is no 
longer exposed, the units which have been correlated to the two-tills of 
southern New England by Koteff and Pessl (1985) are present at Stop 8. The 
definitive criteria which prove the relative age of the upper till and lower 
till are not met at Stop 8, and thus that correlation is invalid.
Furthermore, the clay mineralogy of the two diamicton units at Stop 8 
indicates that both units have undergone clay mineral alteration but not to 
the degree which the lower till of southern New England has undergone (Newton, 
1978; Weddle, in press). The stratigraphic and glacitectonic 
(kinetostratigraphic) data in association with the mineralogic data suggest 
that the section at Stop 8 represents advance and retreat of a glacier during 
a single glacial cycle, the Late Wisconsinan. The till at New Sharon is 
correlative with the upper till of southern New England. Evidence for Middle 
Wisconsinan, Early Wisconsinan, or Illinoian aged till is lacking, however, 
seismic data indicates that at least 24 m of high velocity seismic material 
(1800-2250 m/s) occurs beneath the New Sharon Beds. The age of this material 
is not known.
Finally, while the age of the deposits at New Sharon differs in this 
report from that originally proposed by Caldwell (1959, 1960), the
interpretation that the deposits are in part the result of a glacier advancing 
into a lake was initially proposed by Caldwell (1959);
"....Evidently the Sandy River glacier advanced into a lake in which
...clay was deposited. The varved clay in the Sandy River till was
formed during minor oscillations of the margin of the Sandy River
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glacier. On the bedding plane surfaces of the varved clay layers well 
preserved lineations record the direction of movement of the overriding
glacier. ...the New Sharon glacier, like the Sandy River glacier 
advanced into a body of standing water, and that clay was deposited over 
the New Sharon till following deglaciation, as happened following the 
melting of the Sandy River glacier."
199.1 0.5 Return to vehicles; leave Stop 8 and turn right at metal gate
back to Route 2.
200.6 1.5 Stop; turn right onto Route 2 and proceed west to Farmington
(approximately 10 miles).
END OF TRIP
\
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